Abstract p16 is the most widely studied biomarker in lower anogenital tract squamous intraepithelial lesions and, currently the only recommended biomarker for histological grade assessment. The aim of this systematic review and meta-analysis was to evaluate p16-positive rates according to anal squamous intraepithelial lesions/anal intraepithelial neoplasia (AIN) grade. Two investigators independently searched four electronic databases: PubMed, Web of Sciences, Scopus, and Embase from inception until August 2017. Studies that evaluated p16 immunostaining in histological samples of anal and/or perianal squamous intraepithelial lesions and defined a p16-positive result as diffuse block staining with nuclear or nuclear plus cytoplasmic staining were included. A meta-analysis was performed using a random effects model. Fifteen studies consisting of 790 samples were included. The proportion of p16 expression increased with the severity of histological grade. p16 positivity was 2% (95% CI: 0.2-5%) in normal histology, 12% (95% CI: 2-27%) in low-grade squamous intraepithelial lesions (LSILs)/AIN1 (excluding condylomas), 7% (95% CI: 2-13%) in all LSIL (AIN1/LSIL/condyloma), 76% (95% CI: 61-88%) in AIN2, and 90% (95% CI: 82-95%) in AIN3. For anal high-grade squamous intraepithelial lesions (HSILs), in studies using a two-tiered nomenclature, p16 positivity was 84% (95% CI: 66-96%) and for all HSIL (AIN2, AIN3, HSIL combined) it was 82% (95% CI: 72-91%). In summary, p16 positivity in anal squamous intraepithelial lesions appears to be in a similar range to the commonly described cervical squamous intraepithelial lesions, however, for anal low-grade lesions positivity seems to be lower.
Introduction
The most widely studied biomarker in the lower anogenital tract squamous lesions is p16 and most of the studies analyzed the relationship between p16-positive rates and histological grading. p16 is a tumor-suppressor protein that acts like a cyclin-dependent kinase inhibitor in the transition from the G1 to the S phase of the cell cycle. It binds to cyclin-dependent kinases 4 and 6 and maintains the retinoblastoma gene product in its hypophosphorylated state [1] , which in turn binds to E2F transcription factor and prevents cell cycle progression. In human papillomavirus (HPV)-related tumors, E7 oncoprotein functionally inactivates retinoblastoma protein [1, 2] . This inactivation is thought to have a negative feedback on intracellular levels of p16 leading to accumulation that can be detected by immunostaining [1] .
In 2012, the lower anogenital squamous terminology (LAST) was published and recommended a two-tiered nomenclature for noninvasive HPV-associated lesions of the lower anogenital tract, including the terms low-grade squamous intraepithelial lesions (LSILs) and high-grade squamous intraepithelial lesions (HSILs) to replace the previous three-tiered system (intraepithelial neoplasia: -IN1, -IN2, -IN3). p16 has been recommended as the biomarker for histological grading, to be used in four possible situations: (1) differential diagnosis between precancer and a mimic of precancer, (2) in cases of -IN2, (3) interobserver disagreement in the interpretation of a precancerous lesion, and (4) high-risk referral situations (like cytology suggestive of HSIL with negative or low-grade biopsies) [3] .
The importance of this biomarker is not only related to the grading of these lesions, but also for clinical decisions that rely on p16 results, as in the cases of -IN2 lesions. These lesions downgraded by a negative result are normally not treated, whereas p16-positive lesions (considered therefore HSIL) are thought to have a higher potential for progression to carcinoma and hence treated.
Data on p16 immunostaining in lower anogenital tract squamous lesions are mostly based on cervical studies and are largely generalized to other anogenital sites, like the anus. In 2009, a meta-analysis was published exclusively on cervical squamous intraepithelial lesions [4] and the definition of a positive result used differed from the more recent LAST classification definition [3] . There is a marked heterogeneity for what is considered a positive result, especially in "older" cervical studies, thus affecting the accuracy of the expression rates. There is a fundamental need for accurate data on this biomarker in anogenital neoplasia other than cervical disease, especially after the current indications for using it and the standardized definition for positivity in histological samples [3] . Studies that identify anal precancerous lesions that are more likely to progress to carcinoma are needed, given the predicted rise in incidence and mortality for anal cancer over the next two decades [5] .
Our aim was to evaluate p16-positive rates in anal squamous intraepithelial lesions (ASILs) according to histological grade.
Materials and methods
Search strategy, selection criteria, and outcome Four electronic databases were searched: PubMed, Web of Sciences, Scopus, and Embase for articles that were published from their inception until August 2017. The search was conducted by two investigators (AA and ER) and in case of any discrepancies a consensus was reached, and no disagreements required adjudication. The terms "anal carcinoma in situ", "anus neoplasm", "anal intraepithelial neoplasia", "anal squamous intraepithelial lesions", "anal squamous intraepithelial neoplasm", "anal squamous neoplasia", "anal dysplasia", "anal precancer", "anogenital lesions", "anal squamocolumnar junction", and "p16" were used. We also reviewed reference lists of retrieved articles to identify other relevant studies.
All retrospective or prospective studies that evaluated p16 immunostaining in anal and/or perianal squamous intraepithelial lesions/anal intraepithelial neoplasia (AIN) histological samples and clearly described a positive result when there was a diffuse block staining with nuclear or nuclear plus cytoplasmic staining were included. Only articles written in English and with p16 immunohistochemistry assessment were included. The studies also needed to have a clear description of the number of cases per histological grade, the number of p16 positive/negative per grade, and a report of anal samples separately (when other anogenital lesions were also present).
Studies that considered a cytoplasmic only staining as a positive result (or exclusion was not clear), immunostaining in anal cytological samples or describe simultaneously p16 and Ki-67 results were excluded. Studies published only in an abstract form, case reports, evaluation of p16 expression only in anal squamous cell carcinoma (without an evaluation in ASIL) were also not included in this analysis.
Eight authors were contacted by email for further details. Two authors provided further information concerning sample size and expression for different histological grades [6] and for the definition of a positive result consistent with a diffuse block with nuclear plus cytoplasmic staining [7] and were included. Four other studies (three authors) were excluded, because cytoplasmic only staining was considered also a positive result [8, 9] or a clear confirmation of the exclusion of cytoplasmic only staining as a positive result was not obtained [10, 11] . Three other authors that were contacted due to insufficient/incomplete data for analysis [12, 13] and a lack of clear definition of a positive result [14] did not respond, and the studies were not included.
In one study [15] , authors considered as a positive result cytoplasmic and/or nuclear immunoreactivity, but in the results section a positive result was described as cytoplasmic and nuclear, and so the study was included.
This meta-analysis included studies published before and after the LAST consensus [3] , so different nomenclatures are present according to the date of the study publication. ASIL and AIN, LSIL and AIN1, HSIL and AIN2/3 were used synonymously; the classification used in each study was adopted.
For low-grade lesions, three categories were described: condyloma acuminate only (as defined by the original study), AIN1/LSIL (anal condylomas excluded or there were no anal condylomas described), and all LSIL (LSIL, condyloma, AIN1, AIN1 and condyloma described together and condyloma with AIN1/LSIL). This last category corresponded to the definition of LSIL by LAST [3] (twotiered nomenclature). For high-grade lesions, four categories were described and analyzed according to the studies description: AIN2, AIN3, HSIL (as defined by LAST [3] in a two-tiered nomenclature), and all the combined HSIL (AIN2, AIN3 and HSIL).
Our outcome was the proportion of p16 positivity according to the histological grade of ASIL/AIN.
Statistical analysis
The pooled proportions and 95% confidence intervals (CIs) for p16-positive immunostaining per histological grade were computed, using the proportions described in the original studies, and the random effects model, weighted for the sample size of each study, was considered the most appropriate for the analysis. Heterogeneity between studies was tested using I 2 statistic with a 95% CI. For publication bias, funnel plots were derived for each histological grade. Statistic data analysis was performed using MedCalc Software version 17.5.3.
Results
The electronic search retrieved 207 studies of which 171 were excluded: 101 after review of the title, 5 after review of the abstract, and 65 were duplicated. In total, 36 were potentially eligible and subsequently scrutinized in full text. For the meta-analysis, 15 studies fulfilled the study criteria and were included ( Fig. 1 ). There was a total of 790 samples in which p16 was performed and the results reported, and therefore could be considered for the analysis. For these studies, a descriptive table with the study characteristics was done, including the first author, country, and publication year, p16 positivity definition, antibodies used, total sample size, sample size for each histological grade, and p16 positivity in each of the histological grade (Table 1) .
All studies included were observational. Most of them were conducted in USA (10 studies) [6, 7, [15] [16] [17] [18] [19] [20] [21] [22] , two were performed in Germany [23, 24] , and one study each in Spain [25] , Portugal [26] , and Ireland [27] . Six did not describe the population from which ASIL samples were obtained [7, [16] [17] [18] [19] 22] . One study included only inflammatory bowel disease patients [21] and another included only hemorrhoidectomy specimens [6] .
The proportion of p16 expression increased with the severity of histological grade. On average 2% (95% CI: 0.2-5%) of the normal biopsies, 12% (95% CI: 2-27%) of AIN1/LSIL (excluding condylomas), 7% (95% CI: 2-13%) of all LSIL (AIN1/LSIL/condyloma), 76% (95% CI: 61-88%) of AIN2, and 90% (95% CI: 82-95%) of AIN3 showed diffuse block nuclear or nuclear and cytoplasmic staining. For HSIL results, when studies considered a two-tiered nomenclature, the positive rate was 84% (95% CI: 66-96%). For all HSIL results (all classified as AIN2, AIN3, or HSIL), p16 was positive in 82% (95% CI: 72-91 %), Table 2 and Figs. 2a-g.
Heterogeneity between studies evaluating normal anal samples was I 2 = 0% (95% CI: 0-13%), in AIN1/LSIL (excluding condyloma) I 2 = 71% (95% CI: 39-86%), in all LSIL (including condyloma) I 2 = 59% (95% CI: 23-78%), AIN2 I 2 = 77% (95% CI: 55-88%), AIN3 I 2 = 15% (95% CI: 0-79%), HSIL in a two-tiered nomenclature I 2 = 85% (95% CI: 71-92%), and for all combined results from HSIL I 2 = 84% (95% CI: 76-90%) ( Table 2 ). Concerning publication bias, funnel plots were derived (supplemental digital content Supplementary Figures 1A-1G ).
Discussion
Different definitions for a positive p16 expression have been used frequently in the literature. According to the LAST recommendations [3] , a positive result should be considered when there is a diffuse block staining with strong nuclear or nuclear plus cytoplasmic staining. Ideally the staining should be in the basal cell layer with extension upward involving at least one-third of the epithelial thickness, but this is not a strict criterion for a positive result. Focal or patchy nuclear staining and exclusive cytoplasmic staining should be interpreted as negative [3] . To ensure that the more accurate results were obtained, only studies that considered positivity according to the LAST definition [3] were included in our meta-analysis.
In the new two-tiered nomenclature proposed by LAST, the LSIL category merged LSIL/-IN1 and condyloma into a single low-grade category. Subsequently, it is important, to present p16 positivity in all anal LSIL samples, according to the definition proposed and currently more accepted. However, condylomas in different anogenital sites, like the cervix vs. anus, have a different prevalence (rare in the cervix) and, the relative frequency of -IN1 vs. condyloma in a given site can have a major impact on the p16 expression rate of low-grade lesions in that site. Taking this into consideration, p16 positivity was also calculated in a category denominated AIN1/LSIL, excluding condylomas, allowing a better comparison between the anus and the cervix. The calculation in condylomas was not performed due to the low number of "isolated" anal condylomas samples and studies, in which p16 was performed/reported.
As far as we know, only one meta-analysis was published on p16 immunostaining in HPV-associated squamous lesions of the lower anogenital tract. This analysis was exclusively on cervical samples [4] and was conducted before the publication of the LAST classification [3] . It included 61 studies and evaluated cytological and histological specimens from the uterine cervix. There was a positive association with the increasing severity of cytological and histologic abnormalities and correspondingly higher rates of p16-positive staining. In histology, 2% of normal biopsies (95% CI: 0.4-30%), 38% of CIN1 (95% CI: 23-53%), 68% of CIN2 (95% CI: 44-92%), and 82% of CIN3 (95% CI: 72-92%) were positive. In this study, authors defined a positive result in histological samples as a diffuse staining (>25% of cells stained). No description of nuclear and/or cytoplasmic positivity was given. p16 expression in CIN1 and CIN2 revealed extreme inter-study variation, with lower variation in normal and CIN3 lesions. When compared with our meta-analysis, results in normal samples (2% vs. 2%), AIN2/CIN2 (76% vs. 68%), and AIN3/CIN3 (90% vs. 82%) were in the similar range. However, for AIN1/LSIL (excluding condylomas) and CIN1, the results were very different with positive rates of 12% in the anus and 38% in the cervix. The LAST consensus [3] reported that the expected positive rates to be 80-90% in -IN2 and approximately 99% in -IN3 cases in lower anogenital tract squamous lesions. For CIN1, at least 30% of the cases are expected to be p16 positive [3] and similar conclusions are commonly drawn for other anogenital sites including anal LSIL/AIN1 samples [28] . This difference in positive rates for p16 between low-grade cervical and anal lesions could be related to the heterogeneity in the definition of a positive result used in studies relating to cervical disease and/or the different definitions for positivity in the two meta-analyses, but, a different mechanism cannot be excluded. Our results showed that p16 positivity in an anal low-grade category that includes condyloma is lower than an anal low-grade category without condylomas (7% vs. 12%, respectively). This expression is still lower than what is generally described in the cervix and, in the previous cervical metaanalysis (38%). Although, the inclusion of condylomas has an impact on the positivity in anal low-grade lesions, this does not seem to explain the difference in the rates between low-grade lesions of the anus and the cervix. Differentiating the results from the condylomas and AIN1/LSIL (without condylomas) categories poses some challenges. There is a possibility that condylomas were not recognized or distinguished from AIN1 in some of the studies included in the AIN1/LSIL category. Many of the conclusions for HPVrelated lower anogenital tract neoplasia management, including p16 immunostaining are considered applicable across all anogenital sites, mostly based on generalizations from the cervix [3] . This may not to be the case for p16 expression in low-grade ASILs. Although, the several similarities between anal and cervical carcinogenesis, large differences certainly exist, new cases of cervical cancers diagnosed yearly worldwide are much higher than anal cancer [29] . A major indication for p16 immunostaining is in cases of -IN2, including AIN2, as there is greater variability in reporting among pathologists and an objective resolution regarding HSIL/LSIL classification is needed for clinical management. There is no recommendation for p16 immunostaining use in -IN3 [3] and, such use may potentially lead to the exclusion of p16-negative samples from treatment and, consequently, leading to under-treatment. Falsepositive results leading to over-treatment is also an important point to consider, through upgrading lesions with p16 positivity that would have been diagnosed as low-grade without this staining [3, 26] . This is minimized by the restricted recommendation of using p16 in ≤ -IN1 (biopsy specimens interpreted as ≤ -IN1 that are at high risk for missed high-grade disease) [3] .
p16 expression in anal squamous cell carcinoma was not included in this study because this staining is not currently recommended for anogenital cancer and also due to the low number of anal squamous cell carcinoma samples tested in the studies included. Three studies [6, 18, 21] in this metaanalysis performed p16 immunostaining in anal squamous cell carcinoma, with a combined total of 28 samples. As for the previously conducted meta-analysis of cervical disease, there is substantial heterogeneity in the studies included in this meta-analysis, especially, in cases of AIN1/ LSIL, AIN2, and HSIL. There was no/low heterogeneity between studies on the evaluation of normal anal samples and AIN3.
Some studies in cervical disease have evaluated the possible role of p16 in determining LSIL progression. Some of these studies [30] [31] [32] [33] [34] showed that low-grade cervical lesions (CIN1) that were p16 positive progressed more frequently to high-grade lesions (CIN2/CIN3) compared with p16-negative CIN1, although there are also other studies in which this association was not found [35, 36] . Currently, there are no formal recommendations for LSIL management based on p16 results [3] . In low-grade cervical lesions, false-positive results are common and the lower positive predictive value may limit the role of p16 as a prognostic marker [37] . In low-grade anal lesions, false positives are uncommon in most of the studies, so this may not be the same case for prognostic value in ASIL. Currently, there are no studies assessing p16 as a prognostic marker in anal LSIL. There is, however, information on the clinical impact of downgrading -IN2/AIN2 samples and the prognosis of -IN2/AIN2 samples based on p16 immunostaining. Albuquerque et al. [26] showed that 34% of AIN2 are p16 negative, while Maniar et al. [19] found 50% of AIN2 to be p16 negative in their respective populations. Albuquerque et al. [26] study further demonstrated that the AIN2 p16-negative samples showed lower rates of progression in the follow-up with high-resolution anoscopy. The possible prognostic value, especially in anal LSIL, needs to be explored in future studies.
Conclusions
The current information and recommendations for HPVassociated squamous intraepithelial lesions of the lower anogenital tract come almost exclusively from cervical studies and this stands true also for p16 immunostaining. It is fundamental to ensure that data on biomarkers in anal cancer and anal precancerous lesions are based on specific scientific evidence from this anatomical area and not just translated from cervical carcinogenesis. p16 positivity in ASIL appears to be lower for anal low-grade lesions compared with that commonly described in cervical low-grade lesions.
